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(54) Cu-based material of good corrosion resistance 



(57) A CiHjased material of good corrosion resist- 
ance is used in the presence of sulfur, and includes a 
Cu-Ni-based alloy. The Cu-Ni-t>ased alk>y includes Ni in 
an amount of from 1 0 to 70% by weight, a readily oxidiz- 
at>le element and the balance of Cu and inevitat)le 
impurities. The readily oxidizable element is likely to 
react with oxygen to produce oxides. The resulting 
oxides make it possible to inhibit the suHur from reacting 
vnth the Cu-Ni-t>ased alloy to produce sulfides (e.g., 
GuS, etc.). The readily oxidizatsle element can t>e at 
least one element selected from the group consisting of 
Zn and Mn. The oxides of the readily oxidizable element 
is formed on the surface of the Cu-based material, and 
interferes with the reactions of the copper, involved in 
the Cu-Ni-t)ased alloy, and the sulfur Thus, the oxides 
can inhibit the sulfides from being produced, and can 
keep the Cu-based material from t>eing corroded by the 
sulfides. 
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Description 

BACKGROUND OF THE INVENTION 
5 Retd of the Invention 

The present invention relates to a Cu-based material of good corrosion resistance. More particularty. the present 
invention relates to a Cu-based material which is used in the presence of sulfur, which comprises a Cu-Ni-based alloy 
including Ni in a predetermined anrKXjnt. and whose resistance to sulfuration corrosion is improved. A Cu-based mate- 
10 rial of good corrosion restetance according to the present invention can be satisfactonly applied to a synchronizer ring 
which is utilized for an autonxtive synchronizing apparatus, or a brake or clutch which is utilized for a railroad vehicle, 
an aircraft, and the lika The synchronizer ring, brake, dutch, or the like, is used under severe conditions. 

Description of the Related Art 

15 

A variety of Cu-t>ased friction ntaterials have been known conventionally, which are errployed to make a brake or 
dutch utilized tor a railroad vehrcle. an aircraft, and the like. For example, the Cu-based friction materials are a Cu-Sn- 
based bronze, a Cu-AI-based bronze, etc., or a Cu-Zn-t>ased high-tensile brass, etc. The Cu-based friction materials 
are usually made by sintering a Cu-based alloy powder. 

20 Moreover, as can be seen in Japanese Unexamined Patent Publication (KOKAI) No. 60-241 .527, an engineering 
technique has been gown converTtionally. in which a Cu-Zn-based high-tensile brass is applied to make a synchronizer 
ring constituting an automotive synchronizing apparatus. Alternatively, there has been an engineering technique to 
make such a synchronizer ring from a Cu-based friction material, which is made from a Cu-Al-based aluminum brass 
by casting or forgpng. The term, "autonrxslive synchronizing apparatus", herein means an apparatus tftat reduces the drf- 

25 fererx^e between the rotary speeds of er^ging dutches in order to avoid the violent engagements of the dutches when 
a driver switches tiie shift positions of a transmissbn. 

Riction members, such as the aforementioned syrK;hronizer ring, are used under extreme pressures, in which they 
roll or slide while th^ are subjected to high pressures. Accordingly, lubricants are sif)plied onto the friction surfaces of 
the friction members in order to inhibit the friction members from being subjected to abrasion, such as pitching, and the 

30 like, on their friction surfaces. The lut>rk:ants are usually admixed with extreme pressure agents, which contain sulfur 
arxj phosphorous components. 

However, a series of researches and developments conducted by the inventors of the present invention revealed 
that, when a lut>ricarTt was admixed with an extreme pressure agent, containing a sulfur component and when it was 
supplied onto the friction surface of a friction member comprising a Cu-based alloy, the friction surface of the friction 

35 memt)er might be subjected to the sulfuration corrosk>n caused by sulfides. For instance, depending on the types of the 
corrpositions induded in the Cu-based alloy and depending on the contents thereof, the sulfur (S) component induded 
in the extreme pressure agent reacted with the copper (Cu) component of the Cu-t>ased alloy to produce sulfides (e.g., 
CuS, etc.). Thus, the friction surface of the friction memt>er was subjected to the sulfuration corrosion. The researches 
arxJ developments conducted by the inventors of the present invention further revealed that the sulfuration corrosion 

40 was a crucial problem especially in the Cu-based friction members, which comprised Cu-Ni-based alloys or Cu-Sn- 
based alloys. 

SUMMARY OF THE INVENTION 

45 The present invention has been devebped in view of the aforententioniBd drcumstances. It is therefore an object of 
th present invention to improve the sulfuratiorvconosion resistance of a Cu-t>ased material, which is used in the pres- 
erK^e of sulfu. and which comprises a Cu-Ni-based alk>y being likely to suffer from the problem of the sulfuration con-o- 
sk>n. 

A Cu-based material of good corrosion resistance according to the present invention is used in the presence of sul- 
50 fur. and comprises a Cu-Ni-based alloy, wherein: 

the Cu-Ni-based alby indudes: 

Ni in an amount of from 10 to 70% by weight; 
55 a readily oxidizable element being likely to react with oxygen to produce oxides, whereby the resulting oxides 

make it possible to intiit>rt the sulfur from reacting with the Cu-Ni-based alloy to produce sulfides; arxJ 
the balance of Cu and inevitabi irrpurities. 
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In accordance with a further aspect of the present inv^rtkni. the readily oxidizat)le element of the present Cu-t>ased 
materia) can t>e at least one memt>er selected from the group cons^'ng of Zn and Mn. 

The present Cu-t>ased material of good corrosion resistance is used in the presence of sulfur, particularly in the 
presence of a lubricant containing sulfur. For example, the lut>ricant containing sulfur can be a lutnicant. such as a gear 
5 oil, and the like, to which an extreme pressure agent is added. The extreme pressure agent includes sulfur and phos- 
phorous components in order to inhSxt the abrasion, such as the pitching, arid the like, of Cu-based materials on their 
friction surfaces. 

The present Cu-based material of good corrosion resistance comprises a Cu-Ni-based alk>y. When a conventional 
Cu-t>ased friction member comprises a Cu-Ni-t>ased alloy, and when it is used in the presence of sulfur, the sulfur (S) 

10 reacts with copper (Cu), and the Gke, induded in the Cu-Ni-based alloy to produce sulfides (ag.. CuS, etc.). The thus 
produced sulfides are peeled off from the friction surface of the conventional Cu-t>ased friction merrt>er. The sulfides 
are produced and peeled off repeatedly Accordingly, there arrses the problem of the corrosion wear which is caused by 
the sulfuration corrosion. In order to avoid the problem, the present Cu-based material comprises a Cu-Ni-based alloy 
in which a readly oxidizable element is induded. The readly oxidizable element reacts with oxygen to produce oxides. 

IS Accordingly, the present Cu-based material is provided with the oxides on the surface, oxides which are made from the 
readily oxidizat)le element The oxides formed on the surface of the present Cu-based material interfere with the reac- 
tions of the sulfur, copper, and the like. Consequently, the oxides can inhSxt the sulfides from being produced. The oxy- 
gen in the air and tfie readily oxidizable element are combined to form the oxides, wfiich are present on the surface of 
the present Cu4>ased material, during the manufacturing of the present Cu-based material. Ev^ when the present Cu- 

20 based rnaterial is worn off to lose the layer of the oxides forrned on the surface during the servi 

reacts with the readily oxidizable element, induded in tfte present Cu-based material, also during the service. As a 
result, the oxides are formed consistently at any time on tt\e surface of the present Cu-t>ased material. Note tfiat the 
oxides are formed in the superficial layer of the present Cu-based material, superficial layer which exterxte down from 
the top surface of the present Cu-based material by a depth of from atx)ut 4 to 1 0 nm. The depth of the oxides layer can 

25 pr^erat)ly be from 1 to 1 .000 nm. Thus, on the surface of the present Cu-based material, the oxides keep the sulfur from 
reacting with the copper, and the like, included in a Cu-Ni-based alloy. Therefore, it is possible to inhibit the present Cu- 
based mat^ial from k>eing corroded by the sulfides, though the preserrt Cu-based material indudes a Cu-Ni-t}ased 
alloy. 

When a Cu-t)ased material, comprising a Cu-Ni-l>ased alloy, is used in the presence of sulfur, there arises the prob- 

30 lem of the sulfuration corrosion. Hence, the present invention aims at improving the sulfuration-conrosion resistance of 
a Cu-Ni-based alloy. More spedfk^ally, the present invention is also directed to heightening the melting point of a Cu-Ni- 
based alby. The melting point of a Cu-Ni-based alby can be increased, for example, by alloying Ni. 

Specif k;ally, due to the fdlowing reasons, the melting point of a Cu-based alloy is raised by alloying Ni. For instance, 
when a Cu-Ni-t)ased alloy powder indudes Ni in a predetermined amount or more, the Cu-Ni-based alloy powder dose 

35 not melt at the sintering temperature of an Fe-based powder (&g., from 1.100 to 1.300 "C approximately). Conse- 
quently, the Cu-Ni-k>ased alloy powder and the Fe-t)ased powder can be sintered simultaneously. As a result, an Fe- 
based sut)strate and a Cubased material irtduding a Cu-Ni-k>ased alloy, for example, can be composited k>y nx>Ming 
and sirrtering them simultaneously. The Cubased material herein can be exemplified by a Cu-based friction memt>er. 
When the Fe-t>ased substrate and the Cu-based material are thus composited by mokJing arxi sintering them 

40 simultaneously, they produce a borxJing surface therebetween, in bonding surface which the particulates of the Fe- 
t)ased sut)strate and Cu-based material are entangled with each other satisfactorily. Thus, the bondng strength 
between the Fe-k>ased sul>strate and the Cu-based mat^ial can be fuDy enhariced. As a result, the present Cu-based 
material of good corrosk)n resistance can provide a composite whose bonding strength is upgraded with respect to an 
Fe-based substrate. In partkxitar. when the present Cu-based material is composited with an Fe-based substrate to 

45 provkJe a frk:tk)n member, the Fe-based substrate can securely produce required strength for a frictbn member, and at 
the same time the present Cu-based material can securely produce required frk:tion characteristic for a friction material. 
Therefore, it is possi)le to make a composite frictton member whrch can suff kjiently satisfy both of the strength and fric- 
tion charaderistic at the same tima 

In a Cu-Ni-t>ased alloy, the more it contains Ni, the higher melting point it exhibits. Accordingly, in order to allow the 

50 Cu-Ni-t>ased alloy, enrpkiyed in the present Cu-based material of good corrosion reststarKe. to be sintered simultane- 
ously with an Fe-t>ased substrate, the Cu-Ni-based alloy can preferably contain Ni in a minimum amount of 10% by 
weight or nrK>re. further preferably 1S% t>y weight or more, and furthermore preferak)ly 30% by weight or more. When 
the content of Ni induded in the Cu-Ni-based alby is less than 10% t^ weight, the resulting Cu-Ni-based alloy is melted 
at the sintering temperature of an Fe-based alby powder. Accordingly, such a Cu-Ni-based alby powder arxi an Fe- 

55 based alby powder cannot be sintered simultaneously. On the other hand, when the content of Ni induded in the Cu- 
Ni-based alby is too much, there arises the following fear. For instance, when such a Cu-based material of abundant 
Ni content is used as a friction material, the resulting friction merTt>er may not securely exhit)it the friction characteris- 
tics, such as th seizure resistanc , and the like, required for a frbti n member. Hence, in view of applying ttie present 



3 



EP0872 5e5A1 



. Cu-based materiaJ to a friction mevrbef, and in view of securely ^ving the required friction characteristics, such as the 
seizure resistance, and the like, to the present Cu-t>ased material tor this application, the Cu-Ni-based alloy can prefer- 
ably contain Ni in a maximum amount of 70% by wwght or less, further preferably 45% by weight or less, and furth^-- 
more preferably 30% by wei^ or less. 

5 Th thus arranged Cu-Ni-based alloy constitutes the present Cu-based material of good corrosion resistance, and 
includes the readily oxidizable element. The reatfily oxidizable element, which is involved in the Cu-Ni-based alloy, is 
not llrrated in particular as far as it can combine with oxygen to produce oxides in the production of the present Cu- 
based material or during the sendee thereof. I=6r example, it is possible, however, to name the following elements as 
the readily oxidizable element: Zn, Mn, Al, Si. Cr. Mg, Tl, V. B. and the like. Among these elements, it is preferable to 

10 select at le^ one element from the group consisting of Zn and Mn when taking their readiness to pulverizing, their 
strength after sintering, etc.. into account. Concerning how many types of the readily oxidizable element are included 
in the Cu-Ni-based alloy, one or more types of the readily oxidizable element can be included in the Cu-Ni-based alloy. 

The conposition ratio of the readily oxidizable element to be included in the Cu-Ni-based alloy can preferably fall 
in a predetermined range as hereinafter descra>ed. When the composition ratio faDs in such a predetermined range, the 

IS readily oxidizable element can adequately react with the oxygen, derived from the production of the present Cu-t>ased 
material of good corrosion resistance and the senrice thereof, to produce oxkJes. Consequently, the resulting oxides 
can satisfactorily inhtoil the sulfur from reacting with the corrponents, such as Cu. etc.. contained in the Cu-Ni-based 
alloy to produce the sulfides, such as CuS. eta Suppose the content of the readily oxidizable element, included in the 
Cu-Ni-based altoy, be a certain atomic %. and the composition ratio of the readily axi(fizat)le element (hereinafter simply 

20 refen^ed to as a conposition ratio "PT be taken with respect to the sum of the atomk:%cortente of t^^ 

element and one off the corrponents of the Cu-Ni-based alloy (e.g., Cu), the minimum conposition ratio "P" can prefer- 
ably be 30% or more, further preferably 40% or more, and furthermore preferably 45% or mora 

F=or instance, let the contents of one of the corrponents of the Cu-Ni-based alloy and the readily oxidizable element 
be the following values: 

25 

Wcu (expressed in % by weight), the content of Cu contained in the Cu-Ni-based alloy; 

Wx (expressed in % by weight), the content of the readily oxicfizable element contained in the Cu-Ni-based alloy: 

Acu. the quotient obtained by dividing Wqu by the atomic weight of Cu; and 

Ax. the quotient obtained by dividing Wx by the atomic weight off the readily oxidizable element; 

30 

the corrposition ratio "P" can be calculated by equation (1) bek3w. Accordingly, as mentioned atXTve. the minimum com- 
position ratio "P" off the readily oxidizable element with respect to the sum off the atontic % contents of the readily cxi- 
dizat»le element and Cu can preferably be 30% or mora 

35 "P" (%) = {Ax/{A cu+Ax)) X 100 (1) 

Note that, when the minimum composition ratio T" is less than 30%. there arises a fear of causing the sulfuration 
corrosioa ffslamely, if such is the case, it is difficult for the oxides, which are formed on tiie surface off the resulting Cu- 
based material, to adequately inhbit the sulfur from reacting witti Cu to produce the sulfides, because the readily oxi- 

40 dizaWe element is included in the Cu-Ni-based alloy too less with respect to Cu included therein. 

Concerning the maximum corrposition ratio off the readily ooddizaWe element witti respect to the sum off the 
atomic % contents of the reacfily oxidizat)le element and one of the components of the Cu-Ni-t>ased alloy (e.g.. Cu), it 
is determined while taking the contents of the other corrponents contained in the Cu-Ni-based alloy into consideration. 
Namely, the maximum composition ratio "P" is appropriately adjusted so that the resulting present Cu-based material 

45 of good corrosion resistance can securely produce the friction characteristics, strengttis, and the like. Note that the 
maximum corrposition ratio "P" can preferably be 60% or less, further preferably 50% or less, and furthermore prefer- 
ably 40% or less. 

Moreover, the Cu-Ni alloy, constituting the present Cu-based material of good corrosion resistance, can further 
include hard partides. an internal lul>ricant. and so on, in an appropriate amount therein in addition to the irrpurities. 
50 whfch are present therein inevitably. The hard particles contrftxjte to improving the wear resistance of the present Cu- 
t>ased material. The hard particles can be ceramic, etc.. for exarrple. The internal lulxicant contrtoutes to enhancing 
the lubricating property of the present Cu-based material. The internal lubricant can be graphite, etc., for exanrpla 

The thus arranged present Cu-based material of good corrosion resistance can be produced in the following man- 
ner: molding a Cu-Ni-t)ased alloy powder of the above-descrit>ed conposition into a predetermined configuration; and 
55 sintering the resulting molded substance. Note that the molding and sintering conditions are not specified or limited 
h rein in particular. 

As desCTibed so far, the present Cu-based material off good conosion resistance is formed witii the layer off the 
oxides on the surfaca The layer wort© as a protective layer against the sulfuration corrosion. Accordingly, when the 
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present Cu-based material is used in ttie presence of the lubricants containing suttur. the layer can effectively inhtoit the 
present Cu-based material from being corroded by the sulfides. Moreover, the present Cu-based matwai includes Ni 
in a predetemiined amount so that it can be sintered simultaneously with Fe-based substrates. Consequently, it is pos- 
sft)le to provide conposites in wNch Cu4>ased materiate (e.g., Cihbased friction members) and Fe-based substrates 
5 are bonded with sufficient strerigth. 

As a result, when the present Cu-based material of ^xxl corrosion resistance is applied to friction members, it is 
possible to provide synchronizer rings which include Fe-based substrates. The Fe-based substrates can securely pro- 
vide fun strengths required for the resulting synchronizer rin^ and the Cu-based friction members can certainly effect 
satisfactory friction characteristics and corrosion resistance therefor. 

10 

RRIFF Pg^qCRIPTION OF THE DRAWINGS 

A more conplete appreciation of the present invention and many of its advantages will be readily obtained as the 
same becomes better understood by reference to the foDowing detaDed description when considered in connection with 
IS the accompanying drawings and d^iled specification, aO of which fonns a part of the cfisdosure: 

Rg. 1 is a dagram for illustrating the atomic concentrations in the superficial portion of a Cu-Ni-based alloy speci- 
men after a sulfuration-corrosion test, Cu-Ni-based alloy specimen which included Zn as the readily oxidizable ele- 
ment; 

20 Fig. 2 is a cfiagram for illustrating the atomic concentrations in the superficial portion of a Cu-Ni-based alloy speci- 
men after a sulfurationKxxrosion test, Cu-Ni-based alloy specimen which included Mn as the reacfily oxicfizable ele- 
nr>ent; 

Fig. 3 is a diagram lor illustrating the relationships between the composition rajtio "P" of the readily coddizable ele- 
ment with respect to the sum of the atomic % contents of the readily oxidizable element and Cu, relationships which 
25 were exhibited by a Cu-Zn-based alloy and a Cu-Mn-based alloy; 

Fig. 4 is a (fiagram for illustrating tfie atonrtic concentrations in the superficial portion of a Cu-Ni-based alloy speci- 
men after a sulfuration<x)rrosion test. Cu-Ni-based alloy specimen which was free from the readfly oxidizable ele- 
ment; 

Fig. 5 is a phase diagram of a Cu-Ni-t>ased alloy; 
30 Fig. 6 is a diagram for illustrating the relationship between the Ni content of a Cu-Ni-based alley and the seizure 
resistarx:e thereof; 

Fig. 7 is a ternary composition diagram of a Cu-Ni-based alloy which included Zn as the readily oxidizable element, 
and depicts the conposition range where the Cu-Ni-based alloy could be sintered simultaneously with an Fe-t«sed 
substrate, and where the Cu-Ni-based alloy could be inhtoited from the sulfuration corrosion effectively; and 
35 Fig. 8 is a ternary conposition diagram of a Cu-N'i-based alloy which included Mn as the readily oxicfizable element, 
and depicts the conposition range where the Cu-Ni-based alloy could be sintered sinuiHaneously with an Fe-l>ased 
sutjslrate, and where the Cu-Ni-based alloy could be inhibited from the sulfuration corrosion effectively. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

Having generally descr3>ed the present invention, a further understancfing can be obtained by reference to the spe- 
cific prefen-ed entxxJin^ents which are provided herein for purposes of illustration only and are not intended to limit the 
scope of the apperxled claims. 

45 Rrst Preferred Embodiment 

In a First Prefen-ed En*xxJiment of the present invention, Zn was utilized as the readily oxidizable element The Cu- 
Ni-Zn-based alloy powders whose compositions are shown in Table 2 were prepared by a water atomizing process, 
respectively. The resulting Cu-Ni-Zn4>ased alloy powd^ had an average particle diameter of 75 (im or less, respec- 
50 tively. Note that, in Table 2. the composition ratio "P" (%) means tfie afbrenrtentioned composition ratio "P" of the readily 
oxidizable element (ag., Zn) with respect to the sum of the atomic % contents of the readily oxidizable elen>ent (e.g.. 
Zn) and Cu. and was calculated according to above equation (1). This note is applicable to Tables 3 and 4 below simi- 
larly. The atomic weights of the respective elements are summarized in Tat)le 1 below. 

55 
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TABLE 1 



Atomic Weight 


Cu 


Ni 


Zn 


Mn 


63.54 


58.7 


65.3 


54.94 



The ttuis prepared Cu-Nt-Zn-b^ed alloy powders were nnolded by an ordinary molding process Into a plate-shaped 
molded substances of 30 mm x 30 mm x 5 arm in size. Then, the resulting molded substances were sintered in an nitro- 
gen gas atmosphere at 1 ,120 ''C lor 30 minutes to prepare test specimens. Note that the abided substances were con- 
firmed to be free from melting during the sintering. Also note that after the sintering, the surface of the resulting test 
spednf)ens were finished to a mirror surface by a test-specimen ^nder, washed and dried. 
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(TABLE 2) 
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Each of the test spedmens were sut>jected to a sutfuration corrosion test urxier the tollcwing conditions. In the sul- 
55 furation corrosbn test a gear oil for a nnanual transinssion was used. The gear oil was produced by Showa Shell Petro- 
leum Co., Ltd.. and had a quality grade of "API GL-5 SAE75W-90". An extrenie pressure agent was added to th gear 
oil. arxJ included sulfur and phosphorous connponents therein. The gear oil with the extrem pressure agent admixed 
was put in a container made of glass. Each of the test specimens were imm rsed in the gear oil for a predetemrtined 
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period of time under the follOMrig testing corxlitions: 

Vblume of Gear Oil: 1 .000 ex.; 
Temfx of Gear Ofl: 135 *C; and 
5 Tim of Immersion: 24 hours. 

After the sutfuration corrosion test, the test specimens were observed visuaJly to inspect the discoloration on the 
surface. The color of the surface was altered to black by CuS when there arose the sulfuration conosion. Accordingly, 
this inspection was intended to check to what extent the sutfuration conosion occuned by visually observing the disool- 

70 oration. The results of the inspection were analyzed in accordance with the corrosk)n testir^g method for copper plate 
in petroleum product as per JIS (i.e.. Japanese Industral Standard) K 2513. The degree of the cfiscotoration was eval- 
uated by discobration indexes 1 through 4. Note that the larger the decoloration index was. the darker the test speci- 
men was discolored. The test specimens evaluated to exhit)tt discok)ration index 1 were regarded as t^ood". arvJ the 
test specimens evaluated to exhibit discoloration irviexes 2 or more were regarded as "Bad". The results of the sulfura- 

15 tk)n corrosion test are recited in Table 2 together with the conrpositions of the Cu-Ni-Zn-t>ased alloys 

It is apparent from Table 2 that Test Specimen Hos. 3 and 4 included the Cu-Ni-based alloys to wtuch Zn. working 
as tfie readily axidizat)le element, was added t>y the predetermined conpositk>n ratio "P" or more (i e., "P" ^ 30), arxJ 
that Test Spedmen Nos. 3 and 4 could favorably inhbit the sulfi^ation corrosion from taking placa On the other hand, 
Test Specimen Nos. 1 and 2 included the Cu-hfi-based alloys to whfch Zn was added by the lesser composition ratio "P" 

20 {i.e., "P" ^ 20). Consequently. Test Specimen Nos. 1 and 2 could not fully inhibit the sulfuratk)n corrosion from taking 
place. 

Concerning Test Specimen f^ 4. it comprised the Cu-Ni-t»ased alloy to which Zn was added by the composition 
ratbT" of 39.35% cfZn with respect to the sum of the atornk;%cortents of Cu and Zn. After Test Specimen No. 4 was 
subjected to the sulfuratk)n corrosion test, its surface was examined by using Microauger or by AES (i a. Auger electron 

25 spectroscopy). Specifically, the portion of Test Specimen Na 4 adjacent to the surlace was evaluated for the atomic 
concentratk>ns of the component elements in the deptfvwise direction. Fig. 1 illi^trates the results of the measurement. 

It is appreciated from Fig. 1 that the atomk; concentrations of oxygen and Zn were high from the surface down to 
the depth of about 8 ^m. Acconfngly. it is understood that ooddes of Zn were formed in this part On the other hand, the 
presence of sulfur was little appreciated in the part. Consequently, it is seen that no sulfides were produced in the por- 

30 tion. As a result, it is evident that when oxides of Zn are formed in the surlace of test specimens, the sutfuratk>n corro- 
skxi can be inhit>fted effectively from occurring. 

Second Preferred Embodiment 

35 In a Second Preferred Embodiment of the present inv^on, Mn was utilized as the readily oxkJtzable element. The 
Cu-Ni-Mn-based alloy powders whose cornpositH>ns are shewn in Table 3 were prepared by a water atomizing process, 
respectively. The resulting Cu-Ni-Mn-based alloy powders had an average particle diameter of 75 ^m or less, respec- 
tiv ly. The thus prepared Cu-Ni-Mn-based alloy powders were processed into test specimens in the same manner as 
the Rret Preferred Errtxxfintent 

40 Likewise, each of the test spedmens were subjected to the sulfuration conosion test in the identical fashion with 
the First Preferred Embodiment The results of the sulfuration corrosion test are recited in Table 3 together with the 
conrpositions of the Cu-Ni-Mn-based alloys. 

It is apparent from Table 3 that Test Specimen Nos. 7 and 8 included the Cu-N)-t>ased alloys to which Mn, working 
as the readily oxklizat>le dement, was added t^y the predeternmned composition ratio "P" or more (i.e., "P" ^ 30), and 

45 that Test Specimen tics, 7 and 8 could favorably inhibit the sulfuration corrosion from taking placa On the other hand. 
Test Spedmen Nos. 5 and 6 induded the Cu-Ni-based alloys to which Mn was added by the lesser composition ratio 
"P" (i.e.. "P" < 30). Consequently, Test Spedmen Nos. 5 and 6 coukl not fully inhibit the sulfuratbn corrosion from taking 
place. 

50 
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Concerning Test Specimen Na 7, it comprised the Cu-Ni-based alloy to which Mn was added by the composHi n 
rati "P" of 36.64% of Mn with respect to the sum of the atomic % contents of Cu and Mn. After Test Spedm n No. 7 
was subjected to the sutfuration corrosion test, its surface was examined by using Microauger or by AES (i e.. Auger 
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electron spectroscopy). Specifically, the portion of Test Specimen No. 7 ac^cent to the surface was evaluated for the 
atornic concentrations of the cornponentelemerits in the depth-wise direction. Rg, 2 iDustrates the results of the meas- 
urement. 

It is appreciated from Fig. 2 that the atomic concentrations of oxygen snd Mn were h^h from the surface down to 
5 the depth of atxxjt 6 irnt Accordingly, it is understood that oxides of Mn were formed in this part On the other hand, the 
presence of sulfur was little appreciated in the part. Consequerrtty. it is seen that no sulfides were produced in the por- 
tion. As a result, it is evident that when oxides of Mn are formed in the surface of test specimens, the sulfuration corro- 
sion can t>e inhibited effectively from occurring. IMote that in Rg. 2. the caitx>n cont^ of Test Specimen fsJa 7 ^ 
believed to have derived from the lut>ricatir>g oil. 

10 

Relationship between Content of Readily Oxidizable Element arxi SuHuration-Corrosion Inhibiting Effect 

Cu-Mn-based alk^ powders. Cu-Zn-based alloy powders and Cu-Ni4>ased alk^ powders whose conrpositions are 
shown in Table 4 were prepared by a water atomizing process, respectively The resulting Cu-Mn-based alloy peters. 

IS Cu-Zn-based alloy powders and Cu-hii-based alloy powders had an average partide diameter of 75 ^m or less, respec- 
tively. The thus prepared Cu-Mn-t>ased alk^ powders. Cu-Zn-based alloy powd^ and Cu-Ni-based alloy powders 
were processed into test spedmens in the same manner as the First Preferred Errbocfiment 

Ukewise. each of the test specimens were subjected to the sulfuration corrosion test in the identical fashion with 
the Rrst Preferred Errtxxiimeni The results of the sulfuration corrosion test are redted in Table 4. arxi are illustrated in 

20 Rg. 3 as well. In Rg. 3. the solid drdes (•) specify the et^uation results exhbited by Test Sample Nos. 9 through 1 1 
which employed the Cu-Mn-t>ased alloys, and the solid squares (■) spedly the equation results exhibited by Test 
Sample fMos. 12 through 14 which employed the Cu-Zn-t>ased alloys. 

It is apparent from Table 4 ar6 Rg. 3 that when Mn working as the readily oxidizable element was involved in the 
Cu-based alloys by the corrposition ratio "P" of 30% or mae with respect to the sum of the atomic % contents of Cu 

25 and Mn, the resulting Cu-t>ased materials could effectively inhibit the sulfuration corrosion from taking place It is also 
apparent from Table 4 and Rg. 3 that when Zn working as the readily oxidizable element was involved in the Cu-tiased 
alloys by the composition ratio "P'of 2S% or more with respect to the sum of the atomic % contents of Cu and Zn. the 
resulting Cu-based material couM effectively inhbit the sulfuration corroskm from taking place. 
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Test Spedmen No. 16 was made from the Cu-30Ni-t)ased alloy powder which was free from the reacfily oxidizable 
elemerrt. After Test Specimen No. 1 6 was subjected to the sutfuration corrosion test, its surface was examined by using 
Microauger or by AES (i.e.. Auger electron spectroscopy). Specifically, th portion of Test Specimen No. 16 adjacent to 
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the surface was evaluated for the atomic concentrations of the component elements in the depttv-wise direction. Rg. 4 
Illustrates the results of the measurement. 

It is appreciated from Fig. 4 that the layer of sulfides was formed in the surface of test specimen No. 16 (i.e., the 
Cu-30 Ni-k>ased alloy), and the sulfuration corrosion occurred therein. Note that in Rg. 4. the cartx>n content of Test 
5 Specimen No. 16 is believed to have derived from the lutxk;ating oil. 

Relationship t>etween Content of Ni and Melting Ppirrt of Cu-Ni-based Allcv 

Rg. 5 is a phase diagram of a Cu-Ni-based alloy. As illustrated in Rg. 5. the larger the content of Ni ^ the higher 
10 the melting point of the Cu-Ni-based alloy is. In order to allow a Cu-Ni-t>ased alloy powder to sinter simultaneously with 
an Fe-based powder, tfie Cu-Ni-based alloy hardly melts at the sintering temperature of the Fe-based powder. For 
instance, the melting point of tfie Cu-Ni-based alloy can preferat)ly be the sirrtering tenperature of the Fe-t>ased alloy 
powder or higl^. or the melting point can fall ina range of from 1,1 00 to 1.300 "C approximately, further preferably from 
1 .120 to 1 ,250 X approximately. Accordingly, the content of Ni can preferably be 10% by weight or more, further pref- 
15 erably be 15% by weight or more, furtherrTX>re preferably be 30% or more. 

RelationshiD between Content of Ni and Seizure Resistance of Cu-Ni-based Allov 

A plurality of Cu-Ni-based alloy powders whose contents of Ni were varied diversely were processed into test spec- 
20 imens in the same manner as the Rrst Preferred Embodmenl Then, the resdting test specimens were subjected to a 
seizure res^tance test, which employed a ring-on-dsk type frtctiorvand-wear testing apparatus, under the follcwir^ 
conditions: 

Mating Member: Heat-treated SCM 20 (as per JIS); 
25 Sliding Speed: 7.1 m/secorKi; 

Load: Accuimiated by an incremerrt of 1 MPa for every 2 minutes; and 
Lubricant: SAE75W-90 (trademarl^ produced by Esso Co.. Ltd. 

Rg. 6 illustrates the results of the seizure resistance test. 
30 The following can be seen from Rg. 6: 

The larger the content of Ni was, the more the seizure resistance of the test specimen, made from the Cu-Ni-based 
alloy powders, deteriorated. When the test specimen contained Ni in an anxxint of 30% by weight, the pressure at 
seizure was found to k>e 10 MPa. When the test specimen contained Ni in an aoKXint of 70% by weight, the pres- 

35 sure at seizure was found to t>e 6 MPa. In view of the fact, it is assumed ttiat the test specimen is required to exhibit 
the seizu-e resistance (i e., the pressure at seizure) of 6 MPa or more when the Cu-Ni-based alloy powders are 
applied to make the sliding member of the synchronizer rings, for instarx^a Hence, when applying the present Cu- 
based material of good corrosion resistance comprisirYg the Cu-Ni-k)ased alk>y to the sliding memt>er of the syn- 
chronizer rings, the Cu-Ni-based alloy can preferably contain Ni in an amount of 70% l>y weight or less, further pref- 

40 erabty 45% by weight or less, arxJ furthermore preferat)ly 30% t>y weight or less in view of securely providing the 
present Cu-based material with the seizure resistance required for the frictkMi member. 

RelationshiD between Composition of Cu-Ni-based Altov. Meltinq Point of Cu-Ni-based Alloy and Sulfuratk)n-Corrosion 
Inhibrtina Effect 

45 

Rg. 7 is a ternary composition diagram of a Cu-Ni-t>ased alloy which included Zn as the readily oxidizat)le element. 
In the drawing, the composition range is depicted where the Cu-Ni-t^ased alloy coukj be sintered simultaneously with 
an Fe-t>ased sut>strate, and where the Cu-Ni-t)ased altoy could effectively inhibit the sulfuration corrosion from taking 
place. 

50 Likewise, Rg. 8 is a ternary composition diagram of a Cu-Ni-based alkiy which included Mn as the readily oxidiza- 
ble element In the drawing, the conposrtion range is depicted where the Cu-Ni-based alby could be sirrtered simulta- 
neously with an Fe-t>a&ed substrate, and where the Cu-Ni-t>ased altoy could effectively inhibit the sulfuration corrosion 
from taking place. 

In Rg. 7, there is a line where the Cu-Ni-t>ased alloy 6xhft>ited the melting point of 1 ,100 *'C. This line cortstitutes a 
55 first boundary. On the upper 1^ side above the first boundary, there is a regk>n where the Cu-Ni-t>ased alloy exhibited 
the melting point of 1.100 ""C or more so that it could be sintered simultaneously with an Fe-t>ased powder. Moreover, 
in Rg. 7, there is the point "A" (i e * Cu-30Zn) which lies in the Cu-Zn bottom line connecting the apexes of Cu (100% 
by weight of Cu) and Zn (1 00% by weight of Zn). and there is another line which connects the point "A" and the apex of 



12 



EP0 872 565A1 



Ni (100% by weight of NO- The arwther line constitutes a second boun^ side of the second boundary, 

there is a region where the Cu-Ni-based alloy could effectively inhibit the sulfuration corrosbn from occurring when it 
induded the readily oxidzabi etement (i.e., Zn) in a predetermined amount or mora 

Similarty, in Rg. 8, there fe a line where th Cu-Ni-based alloy exhibited the melting point of 1 ,100 <^C. This fine con- 

5 stitutes a first boundary. On the uppef left side above the first boundary, there is a region where the Cu-Ni-based alloy 
exhibited the melting point of 1,100 *C or more so that it could be sintered simultaneously with an Fe-based powder. 
Moreover, in Rg. 8, there is the point V (i.e., Cu-30Mn) which lies in the Cu-Mn bottom line connecting the apexes of 
Cu (100% by weight of Cu) and Mn (100% by weight of Mn), and there is another line which connects the point "B" and 
the apex of Ni ( 1 00% by weight of Ni). The another line constitutes a second boundary. Ontherightsideofthe second 

10 boundary, there is a region where the Cu-Ni-based alloy could effectively inhM the sulfuration conosion from occurring 
when it included the readily oxidizable elemenl (i e., Mn) in a predetermined amount or more. 

Thus, in Rgs. 7 and 8, the hatched area speafies the preferable conrposition range for the Cu-Ni-based alloy. In the 
hatched area, the Cu-Ni-based alloy exhibited the melting point of 1 ,100 'C or more so that it could be sintered simul- 
taneously with an Fe-based substrate. Moreover, in the fetched area, the Cu-Ni-b£»ed alloy could effectively inhftxt the 

15 sulfuration corrosion from arising when it included the readily oxidizable element (i.e.. Zn a Mn) in a predetermined 
amourrtormore. 

Taking the friction characteristic (e.g.. the seizure resistance) required tor a Cu-t>ased frictfon member into consid- 
eration, it is not preferred, however, that the Cu-Ni-based alloy contains Ni in an excessively large amount therein. 
Accordingly, considering the melting poirrt, the sulfuration-corrosion inhik>iting effect and the seizure resistance of the 
20 Cu-Ni-based alloy in total, the composition of the Cu-Ni-based alloy, from which the present Ci>1t>ased material of good 
conosion resistance is made, can preferably fall in the following ranges: 

when the present Cu-based material employs Zn as the readily oxicfizable element, the Cu-Ni-based alloy can pref- 
erat)ly include: 

25 

Ni in an amount of from 1 0 to 70% by we^ht further pr^rably from 25 to 60% by weight, furthenTX)re prefer- 
ably from 40 to 60% by weight; 

Zn in an amount of from 10 to 50% by weight, further preferably from 15 to 40% by weight, furthermore prefer- 
ably from 15 to 30% by weight; and 
30 the balance of Cu and inevitable impurities; and 

when the present Cu-based material employs Mn as tiie readily oxidizable element; the Cu-Ni-based alloy can pref- 
erably include: 

35 Ni in an amount of from 10 to 70% by weight furthw^ pr^erably from 34 to 65% by weight, furthermore prefer- 

ably from 40 to 60% by weight, 

Mn in an amount of from 10 to 40% by weight, further preferably from 10 to 30% by weight furthermore pref- 
erably from 15 to 25%ty weight; and 
the t)alance of Cu arKl inevitable impurities. 

40 

When the present Cu-based material of good corrosion resistance comprises the Cu-Ni-based alloy whose com- 
position ^Is in the ranges described above, the present Cu-based material can be composited with an Fe-based sub- 
strate by mokfing and sintering them simultaneously. As a result, it is possible to provide a novel composite friction 
member in which tfie present Cu-based material and the Fe-based substrate are bonded with a fuHy improved bonding 
45 strengtti, and in which the preserrt Cu-based material exhibits high seizure resistance as well as good corrosion resist- 
ance against the sulfuration corrosion. 

Having now fully descried the preserrt invention, it will be apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without departing from the spirit or scope of the present invention as 
set forth herein including the appended claims. 

50 

Claims 

1. A Cu-based material of good corrosion resfetance used in the presence of sulfur, and conprising a Cu^Ni-based 
alloy, wherein: 

55 

the Cu-Ni-based alloy includes: 

Ni in an amount of from 10 to 70% l>y weight; 
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a readily oxidtzable element being Bkely to react with oxygen to produce oxides, wtiereby the resulting 
oxides make it possfcle to Irhlbit the sulfur from reactir^ with the Cu-Ni-based alloy to produce sulfides; 
and 

the t>alance of Cu and inevitable impurities. 

5 

2. TTie Cu-based material according to Gaim 1 , wh^ein: 

said readily oxidizable element is at least one member selected from the group consisting of Zn and Mn. 

10 3. The Cu-based material according to Claim 2. wherein: 

said readily oxidizaljle elenrmnt is Zn. and is included in said Cu-Ni-tsased alk^ in an amount of from 10 to 50% 
by weight 

15 4. The Cu-based material according to Claim 2, wherein: 

said readily oxidizable element is Mn, and is included in said Cu-Ni-based alloy in an amount of from 1 0 to 40% 
by weighl 

20 5. The Cu-based material according to Claim 1 . wherein: 

said Cu-Ni-based alloy includes said readily oxidizable element by a composition ratio of from 30% or more to 
60% or less, the composition ratio being a content of said readily oxidizable element expressed by an atomic 
% with respect to the sum of the content of said readily oxidizable element and a content of said Cu expressed 
25 by an atomic %. 

6. The Cu-based material according to Claim 1 having a layer of oxides which extends from a surface of said Cu- 
based material by a depth of from 4 to 10 nm. 

30 7. The Cu-based nr^aterial according to Claim 1 , wherein: 

said Cu-Ni-based alley hardly nrielts in a temperature range of from 1 .100 to 1 .300 "C. 

8. The Cu-based material according to Claim 1 . wherein: 

35" 

said Cu-t>ased material ®chit)its a pressure of 6 MPa at least at seizure when it is tested on a ring-on-disk type 
testing apparatus. 



9. The Cu-t}ased material according to Qaim 1 . wherein: 

said readily oxidizable element is at least one member selected from the group consisting of Zn. Mn. Al. Si. Cr, 
Mg. Tl. VandB. 

1 0. The Cu-tased material according to Claim 1 , wherein: 

said Cu-Ni-based alloy includes said readily oxidizat}le element in an anrxnint of from 1 0 to 50% by weight. 

1 1 . A friction material made by composting the Cu-based material accordir^ to Claim 1 arxi an Fe-based substrate. 

50 12. A synchronizer ring for an autonrxstive synchronizing apparatus, the synchronizer ring made from the Cu-l)ased 
material according to Claim 1 . 
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FIG. 7 
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FIG. 8 
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